Intrapleural fibrinolysis has been investigated for the treatment of pleural effusion for several decades. Fibrinolytics have the ability to break up fibrin and loculations that characterize complicated pleural effusions, facilitating drainage. Older fibrinolytics such as urokinase and streptokinase have been replaced by tissue plasminogen activator (tPA) for this indication due to product availability and a more favorable safety profile. The literature supports tPA as a treatment approach for this indication in adult patients, and the use of tPA has become a standard management approach in this population. Over the past decade, data on the efficacy of intrapleural fibrinolytic therapy in children have also been generated, which now support the use of fibrinolysis as a treatment alternative to more invasive therapeutic options such as surgical intervention. In this review, we discuss the pathophysiology, diagnosis, and treatment of parapneumonic effusion and empyema, with a focus on intrapleural fibrinolysis, specifically tissue plasminogen activator, in the pediatric population. Recent articles provide sufficient evidence to support the use of this drug in pediatric patients for the management of pleural effusions; however, due to study heterogeneity, questions remain that may be addressed in future studies.
Effusions may subsequently progress to empyemas, which increase the risk of morbidity and mortality. Mortality associated with empyema is roughly 20% in adults but is significantly lower in children. 4, 9 However, empyema in the pediatric population is still associated with significant morbidity including restrictive lung disease and the necessity for advanced medical and invasive surgical interventions. 4 Intrapleural fibrinolysis was initially investigated nearly 60 years ago for the treatment of empyema and has now become a standard management approach in adult patients. 10, 11 Over the past decade, data on the efficacy of fibrinolytic therapy in children have been generated, which now support fibrinolysis as a treatment alternative to invasive surgical interventions. In this review, we discuss the pathophysiology, diagnosis, and treatment of parapneumonic effusion and empyema, with a focus on intrapleural fibrinolysis with tissue plasminogen activator (tPA), in the pediatric population.
Pathophysiology
Parapneumonic effusions and empyemas are commonly caused by the typical pathogens responsible for bacterial pneumonia: Streptococcus pneumoniae, Streptococcus pyogenes, Staphylococcus aureus, Haemophilus influenzae, Pseudomonas aeruginosa, and Mycoplasma pneumoniae. 3, 4, 12, 13 In response to infection, pleural secretions and capillary permeability are increased, resulting in an accumulation of fluid. This fluid collectionthe pleural effusion-can cause a mass effect, resulting in restriction of lung expansion and eventual increased oxygen requirements. 11, 12 The stimulation of the inflammatory cascade may also lead to subsequent activation of the coagulation cascade and fibrin deposition, ultimately leading to the formation of an empyema. 11, 12 The disease process develops along a time continuum through three stages: exudative, fibrinopurulent, and organizational. The risk of poor outcome increases as the disease progresses. The presence of pus is typically associated with the worst outcomes; however, any of the criteria associated with moderate-or high-risk effusions confer a risk of poor outcome. 5 The exudative stage is characterized by a rapid accumulation of free-flowing fluid in the pleural space. This is secondary to interstitial fluid crossing the pleura and entering the pleural space due to inflammation and increased capillary permeability. 1, 12 At this point, the effusion is still considered to be uncomplicated. However, the fluid frequently becomes secondarily infected and marks the transition of the effusion into the fibrinopurulent stage. The fluid collection at this stage becomes increasingly complicated as the infection leads to continued inflammation. 12 Increased metabolic activity due to microbial growth affects the chemistry of the pleural fluid and causes the glucose concentration and pH to drop. 7 Neutrophil lysis also causes a concurrent rise in the lactate dehydrogenase concentration. 7 In this phase, the coagulation cascade and fibrinolysis become imbalanced, leading to fibrin deposition, loculations, and adhesions. 12 In the third phase of disease progression, the organizational phase, the fluid collection develops into an empyema. As advanced complicated effusions become organized, pus develops within the pleural space, and fibroblasts produce a thick, fibrous pleural peel. 12 Loculations develop further, and the thickened collection creates a mass effect, preventing effective lung expansion.
12 Table 1 depicts the physiologic characteristics of each of these three stages.
Diagnosis
Multiple diagnostic modalities are available for evaluating pleural effusion in pediatric patients. The main imaging options include chest radiograph (CXR), ultrasound, and computed tomography (CT). 9 Initial CXR is often used to identify a possible effusion; however, it cannot specifically differentiate between freeflowing effusion and loculated empyema, or even pneumonia-related lung consolidation. 9, 14 Serial CXRs may be particularly helpful when evaluating disease progression and the effect of therapy in children who are not clinically improving with standard care. 3, 13 In addition, CXR can help identify other conditions associated with parapneumonic effusion and empyema such as pneumothorax, lobar consolidation, air fluid levels, and pneumatoceoles. 14 The American Pediatric Surgical Association (APSA) Outcomes and Clinical Trials Committee published recommendations in 2012 for the diagnosis and management of empyema in children. The APSA recommends ultrasound as the first-line option for imaging in children with suspected pleural effusion based on CXR. 9 Ultrasound has many advantages in this population including low relative cost, portability, and lack of associated radiation. However, the utility of ultrasound is dependent on the quality of images and operator expertise. Further, ultrasound may not be readily available at all institutions. Computed tomography offers an alternative diagnostic modality. Similar to ultrasound, CT provides information about pleural thickening and loculations; however, it may be less accurate than ultrasound in identifying fibrin deposits. Computed tomography is significantly more expensive than ultrasound. Additionally, radiation exposure associated with routine CT use may increase the long-term risk of malignancy. The APSA recommends using CT only in complex cases in which ultrasound is inadequate or additional information is required for surgical decision making.
Definitive diagnosis is possible with diagnostic thoracentesis, a procedure involving the aspiration of pleural fluid from the effusion with a needle. 10 The collected fluid is analyzed for characteristic diagnostic findings across the stages of disease (Table 1) .
Treatment
A summary of the classic treatment approaches across the stages of disease is included in Table 1 . Exudative (or simple) parapneumonic effusions are often effectively managed with medical therapy alone. Early initiation of appropriate antibiotics can decrease the severity and duration of effusions.
3 Empiric therapy should be selected based on the suspicion for community-versus hospital-acquired infections, the patient's immunization status, as well as local resistance patterns and suspicion for more virulent organisms such as community acquired methicillin-resistant Staphylococcus aureus. 3, 4, 10, 13 The pleural fluid may also be cultured, obtained either by thoracentesis or drainage with tube thoracostomy, in order to help further guide and tailor antibiotic therapy. 3 In patients with more advanced (or complex) pleural effusions, antibiotic therapy alone may be insufficient, and additional drainage of the pleural fluid is necessitated. 3 Initial options for drainage of pleural fluid include therapeutic thoracentesis or chest tube placement as monotherapy, or chest tube placement with concomitant chemical debridement (e.g., fibrinolytic therapy). 3, 4 First-line therapy often includes chest tube drainage; but, therapeutic thoracentesis is somewhat less invasive and may be pursued initially. 12 If thoracentesis is used as first-line therapy, the 2011 British Thoracic Society publication recommends placement of a chest tube after the first failed thoracentesis attempt (e.g., fluid reaccumulation). 3 However, drainage by repeated thoracentesis has not been compared with chest tube placement alone.
Drainage may be unachievable at more advanced, or complex, stages of pleural effusion due to fibrin deposition and loculations. 8 In patients unable to achieve sufficient drainage of pleural fluid, additional intervention is warranted in order to avoid continued lung restriction, increased oxygen requirements, and progression to higher levels of respiratory support such as mechanical ventilation or extracorporeal membrane oxygenation. 3 The historical gold standard of care for more progressive empyema is surgical intervention. The two most common surgical procedures for progressive empyema include minimally invasive videoassisted thoracoscopic surgery (VATS) and open thoracotomy for decortication of loculations. 5 The VATS procedure is currently considered the first-line surgical option for qualifying patients. It is a newer, highly effective technique that allows for debridement and decortication of loculations through minimally invasive access and direct visual inspection of the pleural space with the use of a laprascope. 3 As a minimally invasive surgery, patients may experience less postoperative pain and a quicker recovery period compared with other surgical options. Furthermore, the risk of long-term associated morbidity is lessened. However, some patients are not candidates for this procedure and/or may eventually require a more invasive approach. Open thoracotomy with decortication, although extremely effective and thorough, remains the most invasive option for debridement and may be required in up to 35% of patients who fail conservative medical measures or in those who fail the VATS procedure. 8 Compared with VATS, the open thoracotomy procedure requires a larger surgical incision, is highly invasive, and is associated with significantly more postoperative pain, a longer recovery period, and additional postoperative morbidity (e.g., potential for rib fusion and scoliosis). Both VATS and open thoracotomy are associated with the risk of postsurgical complications such as bleeding and the requirement for extended ventilator support.
Fibrinolytic Pharmacology and Pharmacokinetics
Since the early 1950s, fibrinolytic therapy has emerged as a less invasive alternative treatment approach to the more invasive surgical procedures for complicated effusions described above. The theory behind the use of fibrinolytics is rooted in the idea that complicated parapneumonic effusions and empyemas are characterized by fibrin deposition. 8 The ability to break up fibrin and loculations with intrapleural fibrinolytics allows for greater success in achieving drainage without further surgical or mechanical interventions.
Although not currently available in the United States, the first-generation fibrinolytics, streptokinase and urokinase, were initially used to treat parapneumonic effusions and empyema. [15] [16] [17] [18] Streptokinase indirectly activates the fibrinolytic system by binding plasminogen and causing conformational change. 12, 19 An active site is subsequently exposed and cleaves other plasminogen molecules to promote the formation of plasmin. 19 Urokinase, a thrombolytic agent obtained from human neonatal kidney cells grown in culture, works slightly differently; one plasmin molecule can be directly activated by each urokinase molecule. 12, 20 Plasmin then promotes the breakdown of fibrin. 19 Although more common with streptokinase, both agents have been associated with adverse effects, specifically, immunologic and hypersensitivity reactions. 12 Furthermore, an antibody-mediated response that caused ineffectiveness with repeat dosing was also associated with streptokinase use because its production is bacteria based. 12, 17 Tissue plasminogen activator was developed as an answer to some of the drawbacks associated with the first-generation agents. It binds directly to fibrin and catalyzes the conversion of plasminogen to plasmin, leading to fibrinolysis. 12 Furthermore, tPA is not associated with hypersensitivity reactions and retains its effectiveness over multiple doses. 12 Although the pharmacokinetic parameters of intrapleural tPA have not been definitively determined, when given intravenously, the volume of distribution approximates plasma volume. Clearance is rapid from the plasma through metabolism in the liver, and the half-life of tPA is less than 5 minutes in adult patients. 21 Approved indications for systemic tPA include management of acute myocardial infarction, acute ischemic stroke within 3 hours of stroke symptom onset, and acute massive or unstable pulmonary embolism in adults. 21 Tissue plasminogen activator is also approved for restoring patency to central venous access devices. 22 Unapproved indications include treatment of arterial thrombosis and fistula thrombosis, ocular surgery, vascular graft occlusion, venous thromboembolism, and intrapleural use. 23 Absolute contraindications to systemic tPA therapy include previous allergic reaction, trauma within the previous 48 hours, or bron-chopleural fistula. 12, 19 Relative contraindications include history of hemorrhagic stroke; coagulation deficiencies; and major thoracic, abdominal, or cranial surgery within the previous 2 weeks. 12, 19 Contraindications to intrapleural administration of tPA are not well established and are founded on clinical experience and safety risks published in the literature.
Supporting Literature in Adults
The use of fibrinolytic therapy is well established in the literature in adults, with numerous case reports, retrospective reviews, and randomized trials supporting its use for the treatment of complicated pleural effusions and empyemas. [24] [25] [26] [27] [28] [29] [30] A comprehensive review of the adult literature was provided in a 2010 publication. 12 Intrapleural tPA has demonstrated improved chest tube drainage, resolution of symptoms, decreased need for invasive surgical procedures, and shorter hospital stays. 12 The literature supporting the use of intrapleural tPA in adults, however, is heterogeneous with regard to indications, therapeutic end points, dosing, frequency, duration of treatment, and dwell time.
A recent investigation in the adult population evaluated dual intrapleural therapy with tPA plus recombinant human dornase alfa. 29 Empyema fluid typically contains large amounts of extracellular DNA. Dornase alfa (or DNase) degrades polymerized deoxyribonucleoproteins in bacterial and mammalian cells, theoretically reducing pus viscosity and facilitating drainage. 12, 29 In a multicenter, prospective trial, 210 adults with parapneumonic effusions were randomized to receive one of four possible treatments: tPA plus dornase alfa, dornase alfa plus placebo, tPA plus placebo, or double placebo. 29 Dornase alfa 5 mg plus tPA 10 mg were given twice/day for 3 days, with a dwell time of 1 hour. The group receiving combination therapy with dornase alfa and tPA showed a significant decrease in the area of pleural opacity on CXR. Patients who received dual therapy were also less likely to require surgical referral, had increased pleural fluid drainage, and had decreased total length of hospital stay. The other three treatment arms did not show a statistically significant benefit. No significant differences in adverse effects among the groups were reported. Thus, dual therapy with intrapleural tPA and dornase alfa is concluded to be safe and effective in adults with parapneumonic effusion.
Supporting Literature in Pediatric Patients
Since the 1990s, investigations of fibrinolytic therapy have expanded into the pediatric population. The efficacy of intrapleural fibrinolytics in the pediatric population has been demonstrated in several retrospective studies, case studies, and case series (Table 2) , as well as one prospective study.
Retrospective Data

Early Use of tPA in Pediatric Patients
Early case reports and case series described successful treatment with tPA in pediatric patients as demonstrated by resolution of clinical signs and symptoms, increased chest tube drainage, improvements seen on CXR and CT scan, and prevention of surgical intervention. 8, 31 The first published case of successful intrapleural tPA in a pediatric patient, published in 2001, suggested preliminary efficacy in the pediatric population.
8 A 6-year-old boy received tPA 5 mg diluted in 50 ml of normal saline by chest tube instillation for management of pleural effusion. The chest tube was clamped for 1 hour, and a second dose was given 8 hours later. Chest tube drainage was increased, the CXR demonstrated improvement, and invasive, surgical interventions were avoided.
Similar findings were published in 2003. 31 A 10.3-kg, 16-month-old female received tPA 2 mg directly instilled intrapleurally for a persistent parapneumonic effusion, decreased chest tube drainage, and ongoing clinical signs and symptoms despite appropriate antibiotic therapy. Over 6 days, the patient received four doses of tPA, each dwelling for a 4-hour period. Treatment success was measured by increased chest tube drainage, improvement of clinical signs and symptoms, and resolution seen on both CT scan and CXR.
A small case series of six children aged 2-13 years old evaluated the efficacy of tPA as measured by the difference in chest tube output before and after tPA administration. 32 Patients received tPA 2-5 mg mixed in normal saline with a dwell time ranging from 4-6 hours. Doses were repeated every 12-24 hours until resolution was observed on CXR or therapy was no longer deemed to be efficacious (e.g., volume instilled equaled volume drained). Patients received, on average, a total of 3-6 doses. In addition, unlike any other published report, patients were rotated 33 Children aged 7 months-17 years were treated with weight-based dosing of tPA: 0.1 mg/kg/dose mixed in 10-30 ml of normal saline (maximum dose of 3 mg). The dwell time ranged from 45-60 minutes, repeated every 8 hours for 3-4 days, until chest tube drainage was less than 25 ml/12-hour period. The mean number of doses/patient was 10. Of the 58 patients evaluated, 54 achieved resolution, and there were no 30-day recurrences and no deaths reported. Of the four patients who failed tPA therapy, three underwent the VATS procedure, and one patient had open thoracotomy with decortication and debridement. In a second large case series, 71 children, aged 6 months-18.8 years, with empyema or parapneumonic effusion and decreased chest tube output and pleural thickening seen on CXR were evaluated. 34 This retrospective case series was completed between 1995 and 2002. As urokinase was still on the U.S. market from 1995-1998, patients received either urokinase 25,000-100,000 IU (26 patients) or tPA 0.1 mg/kg diluted in 25-100 ml of normal saline (45 patients), depending on patient age and size. Doses were administered once/day and repeated each day until chest tube output was less than 40 ml/day, with a maximum of six doses. Efficacy was demonstrated in both groups, with 70 of 71 patients achieving resolution of effusion without the need for invasive surgical intervention (99% success rate). Similarly, a decrease in pleural thickness was observed in 70 of 71 patients and a decrease in lung opacifications was observed in 65 of 71 patients (92% success rate). When compared with urokinase, tPA showed superior effects for decrease in pleural thickness (p=0.004), lung opacification (p=0.04), and chest tube output (p=0.001).
Timing of tPA Initiation
A large, retrospective cohort study evaluated 53 children with complicated pleural effusion: 30 children were treated with tPA, and 23 children were managed by tube thoracostomy alone (control group). 35 The study further evaluated the impact of the timing of tPA initiation by subdividing the treatment group into two groups: early tPA treatment (< 24 hrs after diagnosis [12 patients]) and late tPA treatment (> 24 hrs after diagnosis [18 patients]). Patients ranged in age from 3 months-17 years old. Intrapleural tPA was dosed at 4 mg diluted in 30-50 ml of normal saline and allowed to dwell for 1 hour; the median number of doses/patient was one (range of 1-3 doses/patient). The total median pleural fluid drainage was 691 ml (range 285-7944 ml) in the late tPA group versus 360 ml (range 0-2041) in the control group (p<0.05); however, a significant difference was not demonstrated between the early versus late groups. The difference in the rate of pleural fluid drainage between the early tPA group (7 ml/hr [range 2-29 ml/hr]) versus the control group (3 ml/hr [range 0-27 ml/hr], p<0.01) was significant, and the difference in the duration of chest tube placement between the early tPA group (84 hrs [range 45-187 hrs]) versus the late group (209 hrs [range 87-528 hrs], p<0.01) was significant. No surgical interventions were required for those patients treated with tPA.
Comparison of Treatment Options
The efficacy of tPA for parapneumonic effusion and the timing of tPA initiation were described above; however, questions remain regarding the comparative effects of tPA versus other treatment options. A retrospective study evaluated 54 children with pleural effusion to make this comparison. 36 In this study, patients were divided into four groups: chest tube alone (18 patients); chest tube with fibrinolytics (24 patients); chest tube, fibrinolytics, and surgery (5 patients); and surgery alone (6 patients). Children treated with intrapleural tPA were given 2 mg diluted in 20 ml of saline every 12 hours for 48-72 hours, with a dwell time of 1 hour. Outcome variables included hospital length of stay, duration of intensive care unit stay, duration of leukocytosis, days from ultimate therapy (i.e., the number of days from the last required therapy [e.g., chest tube monotherapy, chest tube plus fibrinolytic, or surgery] until discharge), and average hospital charges. Patients who received surgery had a longer hospital length of stay (p=0.002), longer intensive care unit stay (p=0.01), and more days from therapy to discharge (p=0.044). In addition, hospital charges were lower in those patients who did not receive surgery.
Prospective Data
To our knowledge, only one prospective, randomized trial has evaluated intrapleural tPA in pediatric patients. 37 In this trial, fibrinolysis with tPA was compared with VATS as initial treatment in pediatric patients (< 18 yrs of age) with empyema. Thirty-six patients with empyema diagnosed by CT or ultrasound or who had purulent drainage with a white blood cell count above 10 9 10 3 /ll were randomly assigned to undergo VATS (n=18) or to receive intrapleural tPA therapy (18 patients). All patients were treated with similar and appropriate antibiotic regimens. Patients were excluded if they had contraindications to thoracoscopy or fibrinolysis, any additional foci of infection, immunocompromised state, or comorbid conditions requiring hospitalization beyond empyema treatment. Children who received tPA had 12-French chest tubes in place. At the time of chest tube placement, tPA 4 mg mixed in 40 ml of normal saline was instilled directly into the tube, with a dwell time of 1 hour. Treatment was repeated every 24 hours for a total of three doses. The primary outcome measures were hospital length of stay, posttherapy days of oxygen therapy, days until afebrile, number of analgesic doses, requirements for a second procedure, and total hospital cost.
Baseline demographic data were well matched in each group. Organisms cultured from both groups were consistent with the typical pathogens associated with pleural effusion. Outcome measures were similar in the VATS versus fibrinolysis groups for hospital length of stay after intervention (mean AE SD 6.9 AE 3.7 vs 6.8 AE 2.9 days, p=0.96), posttherapy days of oxygen (2.3 AE 1.7 vs 2.3 AE 2.1 days, p=0.9), days until afebrile after intervention (3.1 AE 2.7 vs 3.8 AE 2.9 days, p=0.46), and number of analgesic doses (22.3 AE 28.5 vs 21.4 AE 12, p=0.9). Two patients in the VATS group required ongoing mechanical ventilation, and 3 (16.6%) of the 18 patients treated with fibrinolysis required VATS therapy for definitive treatment. Although the clinical end points were not significantly different between groups in this study, a significant difference in overall hospital charges was observed between the two groups: $11,700 AE 2900 versus $7600 AE 5400 in the VATS versus fibrinolysis groups (p=0.02). Thus, it may be concluded that initial treatment with intrapleural tPA is a reasonable alternative to an initial VATS procedure and is associated with a lower total hospital cost.
Safety
Intrapleural tPA is generally well tolerated and associated with only minor adverse effects. [31] [32] [33] [34] [35] Early case reports and case series noted mild discomfort, which was relieved by analgesics. 31 One patient was reported to experience a drop in serum albumin level, with edema and ascites; however, this was most likely secondary to significant chest tube drainage. 32 Sanguineous drainage without an associated drop in hematocrit, although reported, 32 was believed to be secondary to initial chest tube placement rather than tPA treatment itself. An average drop in hemoglobin of 2.5 g/dl was also observed in one case series, 33 and minor bleeding into the pleural fluid has been described. 34 Conversely, several reports noted no increased risk for bleeding. 8, 31, 35, 36 Frank bleeding was described in a recent case report of a previously healthy 6-year-old boy treated with tPA 3 mg in 30 ml of normal saline (0.1 mg/kg) for pleural effusion. 38 The patient developed clinical signs and symptoms of blood loss (tachypnea, weakness, and pallor); however, his neurologic status remained intact, and no other signs of bleeding were apparent. The patient's hemoglobin level dropped from 12.1 g/dl to 7.6 g/dl, and an infusion of packed red blood cells was required. In light of this case report as well as conflicting safety outcomes reported in the literature, patients should be closely monitored for changes in hematocrit and hemoglobin and for clinical signs and symptoms of bleeding during therapy.
Few absolute contraindications for use of tPA exist. Potential contraindications include risk for bleeding, such as trauma, surgery, or recent major hemorrhage, or an allergy or hypersensitivity to tPA. 12, 14 Coagulopathy may also be considered to be a relative contraindication to tPA; however, therapy may be considered if the coagulopathy is mild and correctable. 5, 33 Remaining Questions and Future Directions Data for tPA in pediatrics are primarily retrospective, with only one randomized, prospective trial currently published. 37 Nevertheless, evidence supports the use of tPA as a first-line option in pediatric patients for the management of complex pleural effusions. 9, 13 However, despite a growing body of literature and gains in clinical experience with this therapy, there are several questions that remain unanswered to date: timing of initiation of therapy, optimal dosing, frequency of doses, duration of therapy, dwell time, the need for positioning changes, and optimal therapeutic end points. In addition, although supported in the adult literature, the efficacy and safety of combination therapy with dornase alfa in pediatric patients has not yet been established. Researchers evaluated the timing of administration of tPA and found that patients treated with early intervention, defined by intervention within 24 hours of diagnosis, experienced a shorter duration of chest tube placement. 35 Although the clinical impact of this should be further studied, the ability to remove chest tubes earlier may improve patient comfort and patient mobility, and decrease analgesic dosing. Further, cost and duration of hospital stay may be lessened. Strong conclusions, however, cannot yet be made with respect to optimal timing due to data limited to retrospective evaluations.
The optimal dosing of tPA for pleural effusion in pediatric patients is also debatable based on the supporting literature. Due to heterogeneity among the studies, the optimal dose of tPA is unknown. Although some studies used fixed doses across age groups, others investigated a weight-based (0.1 mg/kg) approach. 9, [31] [32] [33] [34] [35] [36] [37] The recent 2012 APSA publication suggests a fixed dose of 4 mg based on the available prospective data. 9, 37 However, an alternative suggested weight-based dosing algorithm for tPA, constructed on extrapolation of the current data, is displayed in Figure 1 . This approach has been used anecdotally with success at our institution but has not been validated or vigorously studied in a controlled manner. A prospective trial evaluating the safety and efficacy of this approach is warranted. Of note, the youngest patient reported in the literature to receive intrapleural tPA was 3 months, and the patient with the lowest weight reported was 5 kg. Therefore, it is suggested that therapy be reserved for patients older than 3 months of age and above 5 kg in weight. The frequency of dosing, optimal duration of therapy, and dwell time are also yet undetermined due to variability in study design and published reports. However, the strongest evidence supports three doses given 24 hours apart, with a dwell time of 1 hour. 37 Because the intrapleural pharmacokinetics of tPA are unknown, predicting the optimal parameters for therapy is difficult, and further studies are warranted.
Furthermore, the majority of the published data for intrapleural tPA in pediatric patients references a dilution of 0.1 mg/ml; this dilution is also suggested in Figure 1 with success at our institution. However, manufacturer recommendations for dilution, based on intravenous administration, note a final concentration of 1 mg/ml, which may be diluted further immediately before administration to a concentration of 0.5 mg/ml with either dextrose 5% in water or normal saline. 21 These solutions are stable at room temperature up to 8 hours. Alternative dilutions of tPA have been evaluated in vitro; however, the effects of these dilutions have not been evaluated clinically. In vitro data indicate that a tPA concentration of 0.01 mg/ml in normal saline is stable for up to 24 hours at room temperature. 39 In that study, protein recovery was less than 50%; but, biologic activity of the proteins recovered was preserved. Additional personal communication with Genentech (Caroline Smith, Pharm.D., Medical Communications Department, personal communication, March 20, 2011) suggests that tPA remains physically and chemically stable in normal saline at 0.2 mg/ml. However, diluting tPA to concentrations less than 0.2 mg/ml in normal saline, less than 0.5 mg/ml in dextrose 5% in water, or diluting with other base solutions has reportedly resulted in protein precipitation. 40 Although alternative dilutions are reported in the clinical data, most commonly 0.1 mg/ml, further studies to confirm retained protein activity and stability at the concentration of 0.1 mg/ ml are warranted.
The optimal therapeutic end point of intrapleural tPA has not been elucidated, as the published literature is variable with respect to clinical end points. Several end points have been evaluated including change in pleural opacity seen on CXR, improved chest tube drainage, resolution of signs and symptoms, or resolution seen on ultrasound or CT. Determination of the optimal outcome should be a focus of future studies.
Furthermore, recent adult data support the use of intrapleural combination therapy, tPA plus dornase alfa, for initial management of parapneumonic effusion. However, the safety and efficacy of this approach has not been investigated in pediatric patients. Before consistently implementing dual intrapleural therapy in children, supporting data must become available, providing opportunities for future research.
Conclusion
Empyema and parapneumonic effusion are significant complications of pediatric pneumonia. Despite the overall decline in pneumonia rates in children, these conditions can significantly increase morbidity and mortality. Inadequate or delayed treatment may lead to progressive illness; therefore, identifying the optimal treatment in affected children is critical. Identifying patients who will not benefit from fibrinolytic treatment is difficult; however, surgical procedures can likely be reserved for patients who fail fibrinolysis. Although surgical treatments such as VATS and open thoracotomy are effective, they carry increased risk compared with chest tube drainage with or without fibrinolysis. Fibrinolytic agents such as tPA can help degrade loculations and dissolve fibrin deposits to facilitate drainage of purulent pleural fluid. Further large, randomized, prospective trials should be performed in order to answer some of the existing ongoing questions that remain regarding tPA therapy in pediatric patients with pleural effusion; however, sufficient data exist that support the use of tPA in these patients, with demonstrated efficacy and minimal safety concerns.
